OBJECTIVE: To examine the relationship between 24 h ambulatory blood pressure monitoring and three commonest anthropometric measurements for obesity -body mass index (BMI), waist-to-hip ratio (WHR) and waist circumference (W). DESIGN: Cross-sectional survey among outpatients at the Obesity Research Center. SUBJECTS AND METHODS: Four-hundred and sixty-one overweight or obese subjects, non-diabetic, otherwise healthy, aged 20 -70 y, of either sex, were consecutively recruited. All subjects underwent 24 h ambulatory blood pressure monitoring. The population study was separated in normotensive and hypertensive males and females and the possible risk factors for hypertension (W, WHR, BMI and age) were subdivided into different classes of values. RESULTS: Logistic regression shows that W is the most important anthropometric factor associated with the hypertensive risk. Among males with W!102 cm the odds ratio (OR) for hypertension is three times that of males with W<94 cm using casual BP measure (OR 3.04), nearly four times higher using 24 h BP mean (OR 3.97), and even five times higher using day-time BP mean (OR 5.19). Females with W!88 cm have a risk for hypertension twice that of females with W<80 cm, whatever BP measurement was take (casual, 24 h or day-time). Males with WHR!0.96 and females with WHR!0.86 show significant OR for hypertension only by 24 h BP measurement and by day-time BP measurement. BMI seems to have no significant relationship to hypertensive risk. Age shows a significant relationship to hypertensive risk only considering males aged !55 y and females aged !50 y. CONCLUSION: The waist circumference seems to have a strong association with the risk of hypertension, principally by the ambulatory BP monitoring, when compared with casual BP measurement.
Introduction
The relationship between the risk of metabolic -cardiovascular diseases, including arterial hypertension, and body fat distribution indices such as the waist-to-hip ratio (WHR), rather than measures of the degree of body fatness as expressed by body mass index (BMI), has long been recognized. 1 -5 Recently, extensive clinical and epidemiological research has found waist circumference to be the best anthropometric indicator of both total body fat and intraabdominal fat mass. 6 Waist circumference is closely related to body mass index but relates better than BMI to health risks, because it also contains information about central distribution of body fat and it is not influenced by height. 7, 8 Using previously defined cut-offs for action -a so-called 'action level 1' of waist circumference 94 cm in men and 80 cm in women could be adopted as a simpler valid alternative to BMI for health promotion. Thus, larger waist circumference identifies people at increased cardiovascular risks. 9 Furthermore, it is well known that there is a relationship between increase in abdominal adipose tissue and rise in blood pressure (BP). 5, 10 In fact, waist circumferences of more than 102 cm in men and 88 cm in women (action level 2) have a strong likelihood of developing hypertension. 9 Although, it is well known that BP measurement at the doctor's office is influenced by errors which can result in false positives (white-coat or office hypertension), 11, 12 in most cases this association has been studied using casual office BP measurements. Moreover, the large physiological circadian variations of BP are not accounted for in casual morning measurement. 13 The aim of present study was to examine the relationship between 24 h ambulatory blood pressure monitoring and three commonest anthropometric measurements for obesity -BMI, WHR and waist circumference (W).
Methods
Four-hundred and sixty-one overweight or obese outpatients, aged 20 -70 y, non-diabetic with oral glucose tolerant test, 14 with normal lipidaemic profile and non-pathological electrocardiographic alterations, otherwise healthy, of either sex (277 females, Table 1 ), were consecutively recruited from February 1999 through March 2000 at the Obesity Research Center, Internal Medicine Department, Chieti University. The duration of overweight or obesity was 4.8 AE 3.7 y for males and 5.2 AE 4.0 y for females, respectively. Exclusion criteria were smoking habit, positive family history of hypertension and pregnancy. None of the subjects were taking any drug therapy. All subjects gave written informed consent and the study was approved by the local Ethical Committee of the School of Medicine, Chieti University, Italy.
Anthropometric and fat distribution indexes
All anthropometric measurements were taken, in the morning, according to WHO recommendations 15 by trained staff. Weight was measured to the nearest 0.1 kg, height to the nearest 0.5 cm. BMI (kg=m 2 ) was computed. We measured to the nearest centimeter both the waist circumference, between lowest rib margin and iliac crest with the subject standing and breathing normally, and the hip circumference, taken at level of greater trochanters, and the WHR was then calculated. The WHR cut-off point used to discriminate between abdominal and gluteal fat distribution was 0.96 for men and 0.86 for women (abdominal or android type !0.96 and !0.86, respectively; peripheral or gynoid type <0.96 and <0.86, respectively). 16 Blood pressure parameters Casual BP was measured in the morning after the subject rested for 20 min in a sitting position, three times every 5 min with a random-zero sphygmomanometer, using a large cuff size 45Â23 cm. 17 The mean of three measurements was then calculated. Patients with systolic blood pressure (SBP) and=or diastolic blood pressure (DBP) !140=90 mmHg were considered hypertensive according to the WHO criteria. 18 All subjects underwent 24 h ambulatory blood pressure monitoring (ABPM) with a non-invasive device (Takeda-TM 2420=TM 2020, rev. 7, Japan), 19 using a large cuff size, starting at 08:00 am and following an overnight fast. The patients were then sent home and advised to continue their normal daily activities, but asked to comply with the following recommendations during the entire day of BP monitoring: (1) wake up between 07:00 and 08:00 am; (2) breakfast between 07:00 and 08:30 am; (3) lunch between 12:00 noon and 02:30 pm; (4) dinner between 07:30 and 09:00 pm. Patients were also asked to go to sleep between 10:30 and 11:00 pm, drink no more than two cups of coffee a day and avoid any heavy physical activity or sexual intercourse. BP was measured for 26 h every 15 min during the day and every 30 min during the night; the first 2 h of monitoring were considered as adaptation period and were not included in the computation of BP means. Recordings were accepted as valid when the rate of artefacts was <25% and when the recording lasted for at least 20 continuous hours. Day-time BP was defined as the interval from 07:30 am to 10:30 pm and night-time BP from 11:00 pm to 07:00 am. Patients who showed 24 h mean of SBP and=or DBP >130=80 mmHg and day-time values of SBP and=or DBP >135=85 mmHg were considered hypertensive. 20 
Statistical analysis
Data are presented as means AE 1 s.d.. Differences between males and females were evaluated using unpaired Student's ttest. Preliminary, multivariate analysis was performed to evaluate the correlation between blood pressure (casual and ABPM parameters) and anthropometric variables (waist circumference, WHR, BMI) and age. Using this analysis all the variables were considered continuous and no significant relationship between BP and other variables was found. In fact, r 2 was 15 -25%. Subsequently, a multiple logistic regression model to identify the significant anthropometric risk factors for hypertension was applied. Therefore, the population study was separated in normotensive and hypertensive males and females 18, 20 and the possible risk factors for hypertension were subdivided in to different classes of values: waist circumference (<94 cm, 94 -101.9 cm and !102 cm for males; <80 cm, 80 -87.9 cm and !88 cm for females) 9 
Results
The characteristics of study population are shown in Table 1 (Tables 2 and 3) .
BMI seems to have no significant relationship to hypertensive risk, even among subjects with severe obesity (BMI >40) with respect to individuals with BMI 25 -29.9 the risk of hypertension was weakly statistically significant only among the females and only using casual BP measure (OR 1.85; CI 1.17 -2.92) ( Tables 2 and 3) .
Age showed a significant relationship with hypertensive risk only considering the last classes of values. In particular, whatever BP measurement we took, males with age !55 y and females !50 y presented significant OR for hypertension, compared with subjects aged <30 y (Tables 2 and 3 ).
Discussion
Our results confirm the relationship between obesity and hypertensive risk. Previous studies provide evidence that relationship between body weight and blood pressure in obese hypertensive subjects is affected by the sex-dependence of body fat distribution. 22, 23 Furthermore, several epidemiological studies have documented the association of blood pressure with body weight, weight to height, overweight or other indices of fatness such as skinfold thickness. 24 -27 However, the correlation coefficients of these different relationships were found to be constantly small, indicating that relationship between overweightobesity and blood pressure is somewhat complex. Waist circumference and risk of hypertension MT Guagnano et al
Kanai et al documented that the correlation between intra-abdominal visceral fat accumulation and blood pressure was found to be independent of age and body mass index. 10 The authors concluded that intra-abdominal fat accumulation itself may play an important role in the pathogenesis of hypertension in obesity. Also Lurbe and colleagues founded waist-to-hip circumference ratio to be independently associated in multiple regression analysis with systolic blood pressure, whether during 24 h, daytime or night-time periods. 28 Whereas the association between WHR and blood pressure has been addressed previously, fewer studies have examined the association between waist circumference and BP using ambulatory blood pressure monitoring. Nevertheless, there is now good evidence from population-based epidemiological studies that waist circumference is a useful index of obesity. This is because waist circumference is closely related to body mass index but relates better than BMI to risk factor levels, because it also contains information about the central distribution of body fat. 7 Recently, Lean et al documented that waist circumference is preferred to more complex indices of adiposity and relates strongly to health risks. 29 Waist measurement reflects total abdominal fat accumulation and it is not influenced by height. 8 Cox et al have examined the predictive ability of simple anthropometric indices for the development of cardiovascular disease (CVD) over 7 y. 26 The authors documented that there were linear trends in the development of CVD for waist=height ratio (WHTR), but not for waist circumference. Nevertheless, in normotensive women, there was a significant trend for the association between the incidence of CVD and the quintiles of waist circumference, but no associations for WHTR or BMI. The waist circumference showed weak evidence of an interaction with hypertension, but among the men, indices involving waist circumference, particularly WHTR, had stronger linear association with the log odds of CVD development than BMI. In women, none of the indices were linearly associated with the log odds of CVD development, but there was a significant J-shaped curve for waist circumference and evidence of an interaction with hypertension. 26 On the other hand, Ledoux et al found that the measures of body fat (BMI) as well as abdominal fat distribution (waist circumference and WHR) play an approximately equal role in assessing the concurrent presence of high blood pressure, dyslipidemia and diabetes mellitus in adults. 24 Our study, based on a representative sample of overweight or obese Italian males and females, explored the connection between some indices of abdominal adiposity and the ambulatory blood pressure monitoring. From our data there is evidence that waist circumference shows advantages over WHR, as a surrogate for abdominal adiposity, in epidemiological investigation of risk factors for hypertension among obese patients. Nevertheless, intervention programs designed to reduce waist circumference through lifestyle modification, including exercise and diet, may have significant public health significance in reducing the incidence of hypertension. 30 In conclusion, our results document that the waist circumference seems to have a strong association with the risk of hypertension, especially among males and principally by Waist circumference is easily measured by individuals themselves and, just like weight, is subject to a 5% optimistic bias toward underestimation. 9 The value of waist circumference for weight management is not so much for its power in predicting risk, but in providing readily identifiable cut-offs for action -so-called 'action levels' -for use in health promotion messages.
